ABSTRACT. To investigate the effect of hoof trimming before the dry period, the hooves of 10 cows (trimmed group) were trimmed at 79.6 ± 8.6 days before parturition and the hooves of 52 cows were left untrimmed (control group). Blood biochemistry and hormone concentrations were investigated for 6 cows from each group. The daily milk yield after parturition in the trimmed group tended to be higher than that of the control group. Between 0 and 30 days after parturition, the levels of non-esterified fatty acids were significantly lower stet, and the plasma glucose and glucose disposal rates were significantly higher in the trimmed group. The plasma cortisol concentration was stable before and after parturition in the trimmed group. Hoof trimming before the dry period appears to reduce stress and maintain the nutritional conditions of perinatal dairy cows. KEY WORDS: hoof trimming, nutrition, perinatal dairy cow.
In recent years, improved management of dairy cows has increased milk production. In contrast, the average usable life of dairy cows is decreasing due to a variety of factors, such as locomotor disorders, metabolic disease, reproductive disorders and mastitis [19] . The condition of hooves is influenced by a number of factors, including nutrition, stress, environmental conditions and hoof trimming [5, 15, 20] . Hoof trimming decreases hoof disease and reduces stress by stabilizing weight-bearing limbs [3, 14] . The number of days from calving to conception can increase in dairy cows suffering from stress due to milk fever or lameness [1] . Thus, hoof trimming, which reduces stress and stabilizes feeding, improves milk yield and enhances reproductive performance [4] . However, inadequate or poor trimming may cause lameness [19] , and it is therefore necessary to be performed by practitioners of hoof trimming. Previous studies have reported that trimming has positive effects in relation to reduction of hoof disorder [18] and improvement of productivity [2, 5, 12] . However, there have been very few investigations of its effect on nutrition and endocrine function. The aim of this study was to investigate the effect of hoof trimming before the dry period on body condition, reproductive performance, milk yield, blood biochemistry and hormone concentrations before and after parturition.
Holstein dairy cows that were housed in a tie stall barn under natural light and temperature conditions were divided into two groups; the trimmed groups contained cows (n=10) whose hooves were trimmed between days 61 to 90 (79.6 ± 8.6 days) and the control group contained cows (n=52) whose hooves were left. None of the cows had any clinical abnormality, and hoof trimming was not performed for more than one year before this study. The experimental period covered 2 months before and 4 months after parturition (day 0 = parturition) and was divided into the following 5 periods: days -60 to -31, days -30 to -1, days 0 to 30, days 31 to 60 and days 61 to 120. Body weight (BW), weight change rate (WCR) and body condition score (BCS) were measured monthly. Daily milk yield and reproductive state after parturition were also investigated. BW was measured by estimation tape, and both BCS and WCR were calculated according to previously reported methods [7] . The feed contents between days -60 to -30, days -30 to -1 and days 0 to 120 were evaluated according to National Research Council (NRC) 2001 standards. At each monthly examination, blood samples were collected from 6 cows in each group between 2 and 4 p.m., at least 2 hr after feeding commenced. For blood chemistry analysis, plasma samples were analyzed for glucose (Glu, GOD method), total cholesterol (T-chol, CHOD/PAP method), urea nitrogen (UN, urease-GLDH method),and non-esterified fatty acids (NEFA, enzymatic UV method). The plasma cortisol concentration was determined in accordance with the modified of enzyme immunoassay of Kumari [9] , while the plasma insulin concentration was determined in accordance with the timeresolved competitive immunoassay of Lovendahl [10] . The intra-and inter-assay coefficients of variation were 3.3% and 4.2% for cortisol and 2.7% and 3.1% for insulin, respectively. An insulin tolerance test was performed to measure the insulin-stimulated glucose disposal rate (GDR), which was calculated according to previously reported methods [13] . Statistical analysis was performed using Mann-Whitney's U test for each milking stage in the two groups, and values of p<0.05 were regarded as significant. All data were expressed as means ± SD.
No significant differences were observed in the BW, WCR and BCS of the trimmed and control groups through-out the experimental period ( Table 1 ). The day of first estrus, conception rate following first artificial insemination and number of days from calving to conception after parturition were not significantly different between the groups. The daily milk yield of the trimmed group tended to be higher than that of the control group after parturition and was significantly so between days 0 to 30 (p<0.05; Fig. 1 ). The plasma Glu concentration of the trimmed group was significantly higher than that of the control group between days 0 to 30, days 31 to 60 and days 61 to 120 (p<0.05; Table 2 ). The concentrations of plasma T-chol and UN were not significantly differ between the groups. The concentration of plasma NEFA was significantly higher in the trimmed group between days -30 to -1 (p<0.05). In contrast, the plasma NEFA concentration was significantly higher in the control group between days 0 to 30 (p<0.05). In the control group, the plasma cortisol concentration was highest between days -30 to -1 and lowest between days 0 and 30 (Table 3) . Thereafter, the levels gradually increased until day 120. In contrast, the plasma cortisol concentration of the trimmed group remained low throughout the experimental period. The plasma insulin concentration was not significantly different between the groups throughout the experimental period. However, the GDR of the trimmed group was significantly higher than the control group between days 0 and 30 (p<0.05). Hoof disease has been reported to have a deleterious effect on reproductive status [5] . However, there was no difference in reproductive status in the present study, so we could not uncover any relation between hoof trimming and reproductive status after parturition. Daily milk yield after parturition was significantly higher in the trimmed group compared with the control group. It has been reported that metabolizable energy is more preferentially used for milk production and body condition than reproduction after parturition in dairy cows [11] . Nishimori et al. reported that hoof trimming during the mid to late lactation period does not affect milk yield, but that the milk fat and protein concentrations are higher [12] . These results support the hypothesis that hoof trimming before the dry period has a more positive effect on milk yield than on weight gain or reproductive status.
The plasma Glu concentration of the trimmed group was significantly higher than that of the control group between days 0 to 120. The plasma Glu concentration is regulated by complex interactions among endocrine, metabolic, nervous and enzymatic functions. In particular, insulin plays a dominant role in Glu regulation and is the only hormone capable of decreasing the plasma Glu concentration. After feeding on large amounts of water-soluble carbohydrate, the plasma Glu concentration is elevated via increased levels of propionic acid in the rumen, and thus the plasma Glu concentration can be used as a reference index of water-soluble carbohydrate intake in cows [12] . On the other hand, it is well known that stress elevates the plasma Glu concentration. However, the plasma cortisol concentration of the trimmed group did not increase after parturition in the present study. This suggests that the higher concentration of plasma Glu in the trimmed group was caused by increased water-soluble carbohydrate intake after parturition. Decrease of insulin sensitivity has been reported in cows during the early lactation period [17] . Kronfeld et al. [8] showed that insulin administration reduce the milk yield of dairy cows. Lactating ewes fed a restricted diet have also been found to lose weight and to have a decreased GDR [16] . Furthermore, reduction of insulin sensitivity during early lactation in cows results in reduced keratin formation of the hoof via diminished absorption of Glu and amino acids [17] . In the present study, the GDR between days -60 to -31 tended to be high in the trimmed group, and the plasma Glu concentration and GDR of this group between days 0 and 30 were significantly higher than that of the control group. These results indicated that hoof trimming before the dry period maintains glucose homeostasis during the perinatal period.
The plasma NEFA concentration is a useful indicator of energy balance in dairy cows. Milk yield increases and then peaks between 4 to 6 weeks after parturition. However, dry matter intake (DMI) recovers later, between 10 to 12 weeks after parturition. An increasing plasma NEFA concentration is the result of loss of body fat due to a negative energy balance (NEB) between energy consumption and intake [18] , while increased energy consumption results in poor reproductive performance and fatty liver [6] . Increased plasma NEFA concentrations, meanwhile, can cause abnormal glucose tolerance as a result of insulin-hyposensitivity in the liver [16] . To prevent such problems, it is important to increase DMI after parturition. In the present study, the increase in plasma NEFA concentration between days 0 and 30 in the control group may have been caused by NEB as a result of decreased feed intake. In contrast, because the cows of the trimmed group were prevented from having an NEB, their plasma NEFA concentrations were low after parturition.
The higher concentrations of plasma cortisol between days -30 and -1 in the control group were attributed to increased stress due to instability that was exacerbated by the weight of the growing fetus during late pregnancy. In contrast, the plasma cortisol concentration was stable before and after parturition in the trimmed group. These findings indicate that hoof trimming before the dry period reduces the stress on cows after parturition. We propose that trimming hooves of cows results in more efficient glucose utilization and improvement of their nutritional condition during the dry period and that this may minimize postpartum damage.
In conclusion, hoof trimming before the dry period may be an efficient means of reducing overall stress and maintaining nutritional condition after parturition in dairy cows. Furthermore, hoof trimming might be an effective method of increasing milk yield.
